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Problem 
Many experiments were performed on the change of memory which 
takes place in the process of retention. Out of these experiments the 
most conspicuous is Wulf's1, which was carried out under Koffka's direc-
tion. Wulf presented some relatively simple figures to his Ss, then at 
various intervals required the Ss to reproduce them. About the result 
he said, "with the exception of eight cases out of about 400, •··········· 
the comparison of the reproductions with the original reveals throughout 
a clear deviation of the former from the latter in the direction of either 
sharpening or levelling."2 Koffka named this the change of "consistent 
direction." By him this term means that "a later reproduction deviates 
from an earlier in the same direction as this deviated from its predeces-
sor or the original. " 3 
Both G. W. Allport4 and F. Th. Perkins,5 the successors of this ex-
periment, agreed completely with Wulf in this respect. Allport found in 
his experiment that change is gradual and that it appears only in one 
direction. And this fact, he thought, verifies W. Kohler's following opinion : 
"Traces are not rigid; there are definite dynamical tendencies in them."6 
Perkins, approving of the dynamic theory, thought it an important supposi-
tion that the energy pattern functioning in any memory process is one 
that is dynamic in character and not static. And he found that the 
change of memory traces is progressive as well as gradual. 
F. Kuhlmann,7 one of the pioneers of these experiments, and even J. 
1 Friedlich Wulf, Uber die Verlinderung von Vorstellung, Psycho!. Forsch., Bd. 
1, 1922. 
2 Quoted by Koffka in his "Principles of Gestalt Psychology" P. 498. 
3 Ibid., P. 494. 
4 Gardon W. Allport, Change and Decay in the Visual Memory Image, Brit. J. 
Psycho!., 21, 1930. 
5 F. Theodore Perkins, Symmetry in Visual Recall, Amer. J. Psycho!., 44, 1932. 
s W. Kohler, Gestalt Psychology, 1929, P. 309. 
7 F. Kuhlmann, On the Analysis of the Memory Consciousness, Psycho!. Review 
13, 1906. 
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Gibson,1 who did not agree with the memory theory of gestalt psychology, 
acknowledged this consistent direction of change. 
0. L. Zangwill,2 however, told about the size of reproductions as 
follows : "Exact reproduction of size, even in the initial reproductions, 
turns out to be very rare, and frequently later reproductions are more 
accurate than are earlier drawings in this respect. Successive reproduc-
tions exhibit no constancy in size, but on the other hand no satisfactory 
evidence for the regular occurrence of progressive changes in size in any 
given direction was obtained. In some cases, all reproductions tend to 
be consistently larger or consistently smaller than the standard, but 
such regularity is by no means universal. One or two series exhibit a 
certain periodicity in size, successive reproductions being alternately 
large and small." 
F. W. Irwin and M. A. Seidenfeld3 went a step further and said: it 
seems better to conclude that no progressive change exists. N. J. Ha-
nawalt4 and E. V. Fehrer,5 the latter of whom used the same stimulus 
figures as Wulf's, also failed to find the consistent direction of change. 
It is extremely important for the trace theory of gestalt psychology 
to realize whether the direction of the change of memory traces is con-
sistent and progressive or not. In order to reply this question, we tried 
this experiment in which some of Wulf's figures were used. 
Experimental Conditions 
Method : Reproduction method 
Subjects: Sixteen students of Tohoku University, of whom nine were 
women. All had some knowledge of psychology, but were not studying it 
especially. 
Date and Place: From April 23 to July 7, 194.3. Psychological Ins ti tut, 
Tohoku University, Sendai. 
Stimulus: Eight figures out of twenty-six of Wulf's (:No. 1, 2, 9, 11, 13, 17, 
21, 24, of his). (See Illustration I). Each figure was exposed for five seconds 
individually from the distance of 60 cm. 
Reproduction: RI (i. e. the first reproduction), 30 seconds after the ex-
posure of a figure. 
RII, About one hour after RI. 
RIII, A week later. 
Instruction: "I will present you some simple figures one by one : each 
1 James J. Gibson, The Reproduction of Visually Perceived Forms, J. Exper. 
Psychol. 12, 1929. 
2 O. L. Zangwill, An Investigation of the Relationship between the Process of 
Reproducing and Recognizing Simple Figures, Brit. J. Psycho!. 27, 1937. 
s F. W. Irwin and M. A. Seidenfeld, The Application of the Method of Com• 
parison to the Problem of Memory Changes, J. Exper. Psycho!. 21, 1937. 
4 N. J. Hanawalt, Direction in Recognition, Reported at the Meeting of the 
Eastern Branch, American Psychological Association, April 3, 1937, Vassar College, 
Poughkeepsie, N. Y. 
5 E. V. Fehrer, An Investigation of the Learning of Visually Perceived Forms, 
Amer. J. Psycho!. 47, 1935. 
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for 5 seconds. I wish you to look at them carefully regarding both their 
size and form, and to remember them well, for you will be asked to draw 
them later on." 







Stimulus Figures (Scale : 3/5) 
Fig·JV 
71/1 
Results and Considerations 
I. Intuitive Observation 
We observed the results of our experiment at first intuitively, and 
then quantitatively. It was astonishing that clear progressive changes 
were very few, i. e. only 20 out of 118 reproduction series. (Out of all 
the 128 seriesl0 were incomplete or not reproduced.) On the other hand 
24 se1ies showed clear reversal of the direction of the changes in the suc-
cessive reproductions. A S failed to reproduce a figure in the second 
reprodution, but succeeded in the third. This is no doubt an example 
of "reminiscence". These results are shown in Table I. 
Table I 
The Classification of the Changes in the Reproductions by Intuitive Observation. 
Kind~! I I of Change Sb Ao I IYol Ml NIH IAk\ S·IIKz\Kb\ O \Ysl stlsy\s-zll Total 




2 2 1 1 





Reversal 3 3 1 1 2 3 24 
Reminiscence 1 1 
(The number of all the reproduction series is 118.) 
Let us illustrate the typical examples of reversal. (See Illustration 
II). (1) (Sb, Fig. IV) The inclination of the oblique lines of RI is 8° 
smaller than the original, but RII is 2° larger. And RIII is situated 
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between RI and R II in this respect. Next, in RI the central and right 
short bars are almost the same in height. While, in RII and RIII this 
fault is corrected. 
(2) (Sb, Fig. V) RI is correct in size, but RII is too large. This error 
is, however, co1rected in RIII a little. Secondly the two heads of RI are 
thinner than the original, but RII is nearly correct. 
(3) (Sb, Fig. VII) The type of the change of size is similar to the last 
example. 
(4) (Ao, Fig. V) The left-under bar of RII is shorter than the original, but 
in RIII it becomes correct. 
(5) (I, Fig. I) Both the length and the angle of R I are smaller than the 
original. R II is more correct than R I. R III is almost the same as the 
original. 
(6) (I, Fig. III) R III is the most correct both in size and in angle. R II 
is the most inaccurate. 
(7) (I, Fig. VIII) The inclination of the peak of R I is the least of all. R 
II and R III become larger gradually, that is, approach the original. 
(8) (Yo, Fig. VIII) R II seems to be influenced by Fig. III or the head of 
Fig. VII. But in R III this drift is amended, that is, R III becomes the 
middle form between R I and R II. 
(9) (N, Fig. III) The number of the peaks is corrected in R III. 
(10) (Ao, Fig. VIII) RII has a peculiar form, perhaps because of confusing 
this figure with Fig. II and Fig. III. But R III is correct again. 
(11) (S-I, Fig. IV) R I and R II respectively have sev=ral unnecessary 
lines. And yet R III has eliminated them. 
(12) (Kb, Fig. IV) R I resembles the original in size, others getting larger 
rapidly. Namely they show progressive change. But in the relation of 
the height among three short bars RI is the most incorrect and the other 
two become correct by degrees. 
(13) and (14) (St, Fig. II and III) Fig. II, III and VIII have been confused 
with each other. The errors in R II of Fig. II and III seem to be ascrived 
to this interaction. But this soon disappeared or weakened in R III. 
(15) (St, Fig. VII) Two short lines are attached to the feet of R I and II, 
but not in R III. 
(16) (Sy, Fig. VII) The useless adjuncts of feet are becoming smaller and 
smaller. At the heads of these reproductions, however, we can clearly see 
progressive change. 
II. Quantitative Result 
We have seen above that the reversal of the direction as well as its 
maintenance is an unquestionable fact. To make this observation more 
objective we arranged the reproductions quantitatively. With this end in 
view we measured (1) the sizes of all reproductions, (2) the angles of the 
reproductions of Fig. I, II, III, and VIII, and (3) the inclination of 
the oblique lines the reproductions of Fig. IV and VIII. 
[Types of Changes] 
When in size, angle, or inclination RI is larger than the original, 
RII than RI, and RIII than RII, we call it the change of LLL-type. 
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Examples of Reversal (Scale : 3/5) 
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Then all the types of the changes which may appear are as follows. 
LLL"', LLE*, LLS, LEL*, (LEE*), LES, LSL, LSE, LSS, 
ELL*, (ELE*), ELS, EEL"', (EEE), (EES*), ESL, ESE*, ESS*, 
SLL, SLE, SLS, SEL, SEE*, SES*, SSL, SSE*, SSS*,1 
Except the parenthesized four we have gained all the other types. The 
types of changes with the mark "*" are progressive changes. Among 
then LLL and SSS are pure progressive changes, others being more or 
less incomplete. All the types without "*·" contain reversal. We can 
divide the reversal into three classes. 
(a) Reversal in RII 
If RII changes in the opposite direction to RI, we call it "reve1sal 
in RII". LSE, LSS, SLL and SLE belong in this class. 
(b) Reversal in RIil. 
RIil may change in the opposite direction to RII. LLS, LES, ELS, ESL, 
SEL, and SSL belong in this class. 
(c) Reversal both in RII and in RIil. 
There are two cases in which both RII and RIil change in the oppo-
site directions to the former reproductions, i. e. LSL and SLS. 
Among the changes of (a) class, some may not be true reversal. Be-
cause the deviations of RI from the original may depend upon the per-
ception or the expression of the original, but not upon the changes of 
memory traces. If so, they must be classified as progressive change, 
for they keep one direction in the later reproductions. 
[Changes of sizes] 
We measured the following points of each figure, inquiring into the 
changes of their sizes. 
Fig. I, length (42 mm); Fig. II, width (36 mm); Fig. III, width 
(43 mm); Fig. IV, length of the right-end oblique line (18 mm); Fig. 
V, width (4.3.5 mm); Fig. VI, Average length of arc and stiaight line (33.5 
mm), Fig. VII, Height (37 mm); Fig. VIII, Average of the length of the 
right-end straight line and the width of the foot (26 mm). 
(The figures in parentheses denote the sizes of the originals.) 
Table II 







Reversal both in R II 
Change R II R III and in R III 
LLL 21 LSE 1 LLS 17 LSL 8 
LLE 3 LSS 9 LES 3 SLS 8 
LEL 4 SLL 20 ELS 3 






40 I 34 28 16 
Classifying the changes, we find that the reversal is more predominant 
than the progressive change, (Table II). This result agrees with that ot 
the intuitive observation. 
1 L stands for "larger", E "equal", and S "smaller". 
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Table III 
The Average Sizes of the Reproductions. 
I Size of the RI (A.D.) R II (A.D.) I R III (A.D.) Original 
Fig. I 42 mm 44.2mm (5.30) 43. 7mm (9.24) 42.9mm (9.39) 
Fig. II 36 " 39.5 ,, 
(6.20) 43.6 ,, (12.14) 44.1 ,, (10.14) 
Fig. III 43 " 45.4 ,, 
(9.81) 49.3 ,, (11.04) 53.0 ,, (12.32) 
Fig. IV 18 
" 
22.9 ,, (4.71) 30.1 ,, (6.34) 31.1 ,, (7 .54) 
Fig. V 43.5 ,, 45.3 ,, (7.13) 49.2 ,, (8.84) 51.l ,, (10.10) 
Fig. VI 33.5 ,, 37.2 ,, (6.58) 39.8 ,, (6.69) 42.2 ,, (8. 08) 
Fig. VII 37 ,, 40.4 ,, (5.37) 41.6 ,, (5.39) 40.8 ,, (5.82) 
Fig. VIII 26 " 
24.8 ,, (3.99) 28.8 ,, (5.81) 29.6 ,, (6.86) 
Average 34.9mm j 3?.5mm 140.8mm [ 41.9mm 
We averaged the sizes of the reproductions of all the Ss, the results 
being shown in Table III. In the table the changes of Fig. II, III, IV, 









The Changes of the Width of Fig. III 
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you may conclude that most of the reproductions become larger than the 
originals, and that the predominance of the reversal we have seen in Table 
II shows minor changes in the same ditection. This conclusion, how-
evr, turns out to be inadequate from the following three points. (1) The 
values of the average deviations in Table III are so large, that is, the 
dispersions of the averages in this table are so large that the reproduc-
tions can often be smaller than the original. (2) As we see in Graph 1,1 
the curve of the averages denotes regular progressive change, but the 
curves of each S indicate various changes which are never small. (3) It 
is an especially remarkable fact that the curves of the six Ss (Sb, S-I, 0, 
Ys, St and S-Z) are going in and out both the larger and smaller regions 
than the original. To what extent the reversal spreading over both the 
regions was found is shown in Table IV. We call this "absolute reversal .. , 
on the other hand most of reversals in Table II may be called relative 
ones, for they denote only the reversal to the last reproduction. When the 
absolute reversal is slight, we exclude it as "indistinct". When a change 
is confined within the same region, we call it "one side change". If we 
thus limit the extension of reversal, we still find it to be 20.3%. 
Table IV 
The One Side Changes and the Absolute Reversals of the Sizes. 
I 
One Side indistinct I 
Absolute 
Change Reversal 
Fig. I 11 3 2 
Fig. II 7 1 4 
Fig. III 6 3 5 
Fig. IV 11 1 3 
Fig. V 11 2 2 
Fig. VI 10 3 3 
Fig. VII 11 1 4 
Fig. VIII 13 0 1 
Total 80 (67.8%) 14 (11.9%) 24 (20.3%) 
There can be found some types of change common to each subject, but 
seldom common to the original figures. This is a very interesting fact, 
but we will not state it here in full, for it is outside the purpose of this 
report. 
[Changes of Angles] 
The figures which have angles are the following four. 
Fig. I (176°), Fig. II (130°), 
Fig. III (142°), Fig. VIII (22°). 
When one reproduction contains more than two angles, we averaged 
them. But at Fig. VIII we measured only the angle of the right-end peak. 
We classified the various changes in Table V, where reversal is pre-
dominant as well as in Table II. 
As shown in Table VI, Fig. VIII received relatively small changes of 
angles. While Fig. I, II and III, being obtuse angles, changed toward 
1 For want of space, we cannot give the graphs of all reproduction series. 
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Table V 





Reversal in I Reversal both in 
Change R II R III R II and R III 
LLE 1 LSE 1 LLS 2 LSL 3 
ESE 1 LSS 2 ELS 1 SLS 11 
ESS 1 SLL 6 ESL 1 
SEE 1 SLE 1 SEL 2 
SES 3 SSL 8 
SSE 5 
sss 4 
16 I 10 14 14 
Table VI 
The Average Angles of the Reproductions. 
I Angle of the I 
Original RI (A.D.) I R II (A.D.) I R III (A.D.) 
Fig. I 176° 163° (7.13) 161° ( 9.75) 160° (11.63) 
Fig. II 130° 121° (7.00) 122° ( 8.36) 114° (10.46) 
Fig. III 142° 119° (7.50) 113° (18.11) 113° (18.86) 
Fig. VIII 22° 24° (2.84) 24° ( 4,62) 22° ( 4.38) 
narrower angles. This inclination is so strong that none of the reproduc-
tions of Fig. I have shown any absolute reversal (See Table VII). Graph II 
shows this unique example. Even in this case in which one side change is 
the strongest you will find some clear relative reversals. 
Table VII 







Fig. I 15 1 0 
Fig. II 1 3 1 
Fig. III 13 0 1 
Fig. VIII 1 3 3 
Total I 42 (78%) I 7 (13%) I 5 (9%) 
Besides. we found that the types of the changes were due to the 
original figure rather than to the Ss, which is contrary to the case of the 
changes of sizes. 
The degree of the changes of angles in R II and R III is larger than 
that of the changes of sizes in the same reproductions. 
[Changes of Inclination of Oblique Lines] 
Fig. IV and VIII incline to the right, the former 27° the latter 25°. We 
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Graph II 
The Changes of the Angle of Fig. I 
In order to simplify the procedure We measured only the inclination of 
the right-end oblique lines from the vertical. The classification of the 
changes is shown in Table VUI. The progressive changes are less than 
either of the former two, namely only 1/6 of the reversals. 
The averages of the inclination in each reproduction indicate the 
drift to upright (Table IX). This drift appears as soon as in RI, but the 
following changes are irregular, not only to upright. 
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Table VIII 





Reversal in I Reversal both in 
Change R II R III R II and in R III 
SEE 1 LSS 1 LLS 1 LSL 1 
sss 3 SLL 4 ELS 1 SLS 7 
SLE 2 ESL 1 
SEL 1 
SSL 5 
4 7 9 8 
Table IX 
The Average Inclination of the Reproductions. 
I Inclination of the I 










Fig. VIII 25° 18° (6.84) 17° (7.85) 19° (5 38) 
Table X 
The One Side Changes and the Absolute Reversals of the Inclination Angles. 
I 





9 3 3 
Fig. VIII 8 2 3 
Total I 17 (61%) 5 (18%) 6 (21%) 
Graph III and Table X tell us that the tendency toward reversal is 
strong here as well. 
Arranging all the reversals and the progressive changes in one table 
(Table XI), we found that the latter is only 30% of all. This conspicuous 
result is more or less due to the fact that the measurement was so rigid 
that even the slight difference of 1 mm or 1 degree was considered as a 
change. Therefore we must perhaps discount the result to some degree. 
We think, however, we cannot completely neglect even such slight differ-
Table XI 
The Progressive Changes and the Reversals in Total. 
Progressive! Reversal 
I 
Reversal Reversal both 
Total Change in R II in R III inR II&R III 
Size 40 
I 
34 28 16 118 
Angle 16 10 14 14 64 
Inclination 4 7 9 8 28 
Total 60 (30%J 51(52.5%~ 51(25.5% 38 (19%) 200 
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The Change of the Inclination of Fig. IV. 
ence as this, tor we can easily discern it. 
Finally, the frequency of the absolute reversals and the one side 
changes is shown in Table XII, in which the clear adsolute reversals 
reach 17.5%, except "indistinct" 13%. 
Table XII 
The One Side Changes and the Absolute Reversals in Total. 
One Side 








Angle 42 7 5 
Inclination 17 5 6 
Total 139 (69.5%) I 2s (13.0%) I 35 (17.5%) 
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Summary 
(1) Supposing that the changes appearing in the reproductions indi-
cate the changes of memory traces themselves, we tried to decide whether 
the reversal of the direction of memory changes occurs or not. 
(2) Intuitively observing, we have gained 24 clear reversals and one 
reminiscence out of 118 reproduction series. On the other hand there 
appeared 20 clear progressive changes. 
(3) Quantitatively observing the sizes, the angles and the inclination 
of the reproductions, we have found that the reversal which means the 
alteration of the direction of change in the successive reproductions is 
70%, and the progressive change is only the remaining 30%. 
(4) When the successive changes stay in the one side larger or smaller 
than the original, we call them one side changes. This kind of change 
reaches 69.5%. The changes spreading over both larger and smaller 
sides, i.e. what we call the absolute changes are 17.5%, the "indistinct" 
being 13.0%. 
(5) From the results above mentioned we think that the change of 
memory traces is not always confined in one direction, that is, not always 
progressive, but frequently reversible. 
(6) The types of the changes of sizes seem chiefly to be ascribed to 
the Ss, but not to the figures. On the contrary the types of the changes 
of angles and inclinations seem mainly to be ascribed to the figures. 
But we have not explained this interesting result in full. 
(Received on Oct. 1, 1947) 
